This paper addresses the seemingly simple concept of turning moments. The approach taken is to set the learning in the context of the action of the biceps brachi or muscle of the upper arm. A simple laboratory exercise can be used to generate data and these data can then be modelled mathematically. Real data, from muscle activity, can then be collected for comparison. This approach develops the physics, in context, and allows the student to develop modelling skills, appropriate mathematics and the application of ICT.
Introduction
Teaching physics-based courses to students from pre-university post graduate levels has led this author to the belief that understanding comes from a combination of both context and inquiry; see, for example, Ireson (2005) . The following applies this approach to the turning moments in the upper arm. Hill (1938) proposed a model of muscle action based on three elements, two in seriesone elastic and one contractile. The contractile element is freely extendable when at rest but capable of shortening once activated. Both of these elements are in series with a second elastic element, as shown in figure 1(a). At constant muscle length the series elastic element lengthens slightly as the contractile element shortens. If the muscle is extended the parallel elastic element develops tension which grows in a nonlinear manner.
This model can be simplified and the action of a muscle can be considered to be that of an active, contractile element in parallel with a passive element. This is shown in figure 1(b) .
'A muscle consists of an active force generating component and a parallel connective tissue component. The connective tissue does not actively generate force but if it is stretched beyond its resting length, l 0 , it acts just like a rubber band and produces a passive, elastic force' (Sellers 2005) . The lack of linearity would suggest that this is, in fact, not just like a rubber band. However, the force-length characteristic of a muscle is then the combination of the characteristics of the two components, both active and passive.
The typical force-length characteristic for a muscle, summing both the active and passive components, where l 0 is the resting muscle length, is as shown in figure 2.
This paper investigates the possibility of modelling the action of a muscle using the simplest of laboratory apparatus and comparing this to both a mathematical model and data from an electromyogram or EMG. All muscle action is controlled by an electrical impulse and an EMG measures this activity, often at the skin's surface, by means of a differential amplifier to screen out background electrical noise. This is shown as a simple schematic in figure 3 .
This exercise can be considered in three parts: the simple laboratory exercise, the mathematical model and the collection of muscle activity data.
Turning moments in the human arm
A model arm can be constructed as shown in figure 4(a), which is adapted from Auty (1997), which models the biceps brachii 1 as illustrated in figure 4(b) Note how, in figure 4(a), the muscle could not be attached along the horizontal line since this would result in no turning moment to return the arm from the vertical. The force in the muscle, as read by the Newton meter, can be measured over a range of angles, θ , and a suitable graph plotted. The graph will have the general shape as shown in figure 5 .
In a teaching situation students could, for example, be required to devise their own method of data collection, produce a suitable graph or graphs, including error bars where appropriate, and comment on both the accuracy and precision of their results.
Developing a mathematical model
In order that students may more fully appreciate the findings a mathematical model can be developed. Students could be allowed time to develop their own model but by reference to figure 6 and application of the cosine rule the following results. h, y and α are the constants and can be easily measured. l and β are the variables which can be measured but this is difficult for β and both can be found by making use of h, y and α. is our variable and it can be shown that the force F is given, following the equilibrium of turning moments, by
Given that the angle sum of a triangle allows us to state
Application of the cosine rule gives
Having found l 2 a second application of the cosine rule gives
from which sin β can be found. For a real arm the model developed above can be used and supplemented using anatomical data, see Wirhead (1984) , and simple measurements taken from the student.
For a person of mass M person , the masses of the hand and forearm are approximately
If the lengths of the forearm and hand are l forearm and l hand , then the distance of the centre of mass from the elbow and wrist respectively can be approximated by 0.43l forearm 0.30l hand . To the limit of this investigation it can be assumed that the centres of mass of the hand and a load held in the palm are co-incident.
The insertion point, i.e. where the muscle attaches to the radius, of the biceps brachi on the radius of the forearm is typically at a point which is 0.1l forearm from the elbow which, if one takes a typical bone radius of 0.02m then students can predict their own data prior to EMG measurement.
Measuring muscle activity
The final part of this investigation is to collect muscle activity data which are an indication of the force being applied by the muscle (see figure 9) . The question to answer being, 'does the graph follow the same general trend as that predicted by the model?'
The data collection instrument used in this investigation was the Body Electric Kit developed by Sheffield University and the Royal Hallamshire Hospital, UK for trainee medics 2 . However many other EMG loggers are now available from scientific equipment suppliers. The kit used in this investigation uses three electrodes to measure electrical activity that is logged in millivolt and can be exported to your usual spreadsheet package as a CSV file. The data in this investigation were exported to an Excel file, averaged and smoothed and then graphs were produced. Table 1 shows the data, for a load of 1 kg, from the averaged data collected from the Body Electric Kit. These data can be used to generate the graph shown in figure 7.
Conclusion
By taking a simple example, which all students can relate to, physics can be put into a meaningful context which allows the physics concept, the underlying mathematics and the appropriate use of ICT to be developed simultaneously.
Extension work
For the fast track physics students or those specializing in biophysics this work can be extended by considering the fact that it is not only the biceps brachii that is implicated in the flexing of the arm, two other muscles, brachialis and brachioradialis, as shown in figures 8(a) and (b), need to be taken into account.
The task is to develop a new model to account for these muscles.
